A thermophilic, anaerobic, chemolithoautotrophic bacterium (strain S69 T ) was isolated from a deep-sea hydrothermal vent chimney located on the Eastern Lau Spreading Center and Valu Fa Ridge, Pacific Ocean, at a depth of 1910 m using anoxic medium with elemental sulfur as the only energy source. Cells of strain S69 T were Gram-negative short rods, 0.4-0.6 mm in diameter and 1.0-2.5 mm in length, motile with a single polar flagellum. The temperature range for growth was 28-70 6C, with an optimum at 61 6C. The pH range for growth was 5.6-7.9, with optimum growth at pH 6.8. Growth of strain S69 T was observed at NaCl concentrations ranging from 0.9 to 5.0 %, with an optimum at 1. 
1.0-2.5 mm in length, motile with a single polar flagellum. The temperature range for growth was 28-70 6C, with an optimum at 61 6C. The pH range for growth was 5.6-7.9, with optimum growth at pH 6.8. Growth of strain S69
T was observed at NaCl concentrations ranging from 0.9 to 5.0 %, with an optimum at 1.8-2.7 (w/v). Strain S69 T grew anaerobically with elemental sulfur as an energy source and bicarbonate/CO 2 as a carbon source. Elemental sulfur was disproportionated to sulfide and sulfate. Growth was enhanced in the presence of poorly crystalline Fe(III) oxide (ferrihydrite) as a sulfide-scavenging agent. Strain S69 T was also able to grow by disproportionation of thiosulfate and sulfite. Sulfate was not used as an electron acceptor either with H 2 or with organic electron donors. Analysis of the 16S rRNA gene sequence revealed that the isolate formed a distinct phylogenetic branch within the Deltaproteobacteria. On the basis of its physiological properties and results of phylogenetic analyses, strain S69 T is considered to represent a novel species of a new genus, for which the name Dissulfuribacter thermophilus gen. nov., sp. nov. is proposed. The type strain of Dissulfuribacter thermophilus is S69 T (5DSM 25762 T 5VKM B-2760 T ).
Bacteria that disproportionate sulfur compounds such as thiosulfate, sulfite or elemental sulfur are a unique group of sulfur-cycling micro-organisms that play an important role in modern sedimentary environments and probably have been involved in sulfur transformations in early archaean ecosystems (Bak & Cypionka 1987; Thamdrup et al., 1993; Philippot et al., 2007; Wacey et al., 2011) . Inorganic sulfur fermentation that supports microbial growth has been reported for 20 species of eight mesophilic genera in the Deltaproteobacteria, and for one species of the Gammaproteobacteria (for detailed references see Finster, 2008; Slobodkin et al., 2012) . Among thermophiles, the capacity to grow by disproportionation of sulfur compounds is known only for two micro-organisms, Desulfotomaculum thermobenzoicum (phylum Firmicutes) and the recently described Thermosulfurimonas dismutans (phylum Thermodesulfobacteria) (Jackson & McInerney 2000; Slobodkin et al., 2012) . While all bacteria that ferment inorganic sulfur compounds are able to dismutate thiosulfate, the disproportionation of elemental sulfur is a rarer physiological property, having been reported so far for only six species, including one thermophile, T. dismutans. Here we describe a novel thermophilic elemental sulfur-disproportionating bacterium that has been isolated from the deep-sea hydrothermal vent of the Eastern Lau Spreading Center. ]. The medium composition (including trace elements and vitamins) and preparation were as described previously (Slobodkin et al., 2012) . After incubation of the enrichments at 50 u C for 5 days, the colour of the ferrihydrite changed from brown to black, indicating Fe(III) reduction; elemental sulfur also changed colour from yellow to grey. After three subsequent transfers and following serial 10-fold dilutions in the same medium, only one morphological type was observed in the highest growth-positive dilution (10
29
). Attempts to obtain separate colonies in agar-or Gelrite-blocks or by the roll-tube method were unsuccessful either with 1 % Gelrite gellan gum or with 1 % agar as solidifying agents, with or without ferrihydrite. A pure culture of strain S69
T was obtained after multiple serial dilutions in the same medium.
Physiological studies on substrate utilization and on temperature, pH and salinity ranges for growth were carried out in the medium used for isolation, unless noted otherwise. All organic substrates were tested in the presence and in the absence of 0.2 g yeast extract l
21
. Unless noted otherwise, the concentration of organic acids, alcohols and sugars tested as potential electron donors was 10 mM; peptone was used at 2.5 g l 21 . In electron acceptor utilization experiments, elemental sulfur and ferrihydrite were omitted. Sulfide and sulfate concentrations were analysed as specified elsewhere (Slobodkin et al., 2012) . Cellular fatty acid (CFA) profiles were determined by GC-MS as the methyl ester derivatives prepared from 5 mg dry cell material; the Sherlock MIS system was used as database (Sasser, 1990) . CFA content was determined as a percentage of the total ion current peak area. Light and electron microscopy, Gram staining, Fe(II) analysis, DNA extraction and determination of G+C were performed as specified previously (Slobodkin et al., 1999) . 16S rRNA gene amplification, sequencing and phylogenetic analysis were performed as described previously (Slobodkin et al., 2012) .
Cells of strain S69
T were short rods with rounded ends, 0.4-0.6 mm in diameter and 1.0-2.5 mm in length, growing singly or in pairs. Cells were motile due to a single polar flagellum (Fig. 1a) . Formation of endospores was not observed. Cells stained Gram-negative in both the exponential and the stationary growth phases. Ultrathin sections of strain S69
T revealed the Gram-negative cell-wall type (Fig. 1b, c) . The temperature range for growth was 28-70 u C with an optimum at 61 u C. No growth was detected at 26 or 72 u C after incubation for 3 weeks. The pH range for growth was 5.6-7.9, with an optimum at pH 6.8. No growth was detected at pH 5.4 or 8.2. Growth of strain S69
T was observed at NaCl concentrations ranging from 0.9 to 5.0 % (w/v) with an optimum at 1.8-2.7 % (w/v), but no growth was evident at 0.6 or 5.5 % (w/v) NaCl.
Strain S69
T grew lithoautotrophically with elemental sulfur as the only energy source and HCO 3 2 /CO 2 as the only carbon source in the presence of ferrihydrite as a sulfidescavenging agent. Doubling time of strain S69 T at these conditions was about 82 min. When ferrihydrite was omitted from the cultivation medium growth of strain S69
T was observed only in the vessels with a large head space volume (ratio of gas phase to liquid phase .8 : 1). Without ferrihydrate the concentration of sulfide (sum of sulfide content in liquid and gas phases of the cultivation vessel) in outgrown cultures was 2.5±0.3 mmol S 2-l 21 (mean±SD). In the absence of ferrihydrite, the maximal cell density, 4.0-5.0610 7 cells ml
21
, was observed after 46-48 h of cultivation while in the presence of ferrihydrite the maximal cell density reached 1.2-1.5610 8 cells ml
. Elemental sulfur disproportionated to sulfide and sulfate at a ratio of approximately 3 : 1. Ferrihydrite was converted to a black non-magnetic Fe(II)-containing precipitate, presumably FeS.
Strain S69
T was also able to grow by disproportionation of thiosulfate (10 mM) and sulfite (5 mM), producing sulfide and sulfate at ratios of 1 : 1 and 1 : 3, respectively. Similar to S 0 disproportionation, a large head space volume was required for growth with thiosulfate and sulfite in the T did not reduced ferrihydrite with organic electron donors such as acetate, lactate, ethanol, fumarate, maleinate, malate, pyruvate and peptone. The strain did not ferment glucose, fructose, maltose, sucrose, arabinose, pyruvate or peptone and was not able to grow aerobically (gas phase air 100 %) or microaerobically (3.0 %, v/v, O 2 ) with these organic electron donors or with elemental sulfur (150 mM) or thiosulfate (10 mM) as inorganic electron donors. Strain S69 T did not reduce sulfate, nitrate, fumarate, 9,10-anthraquinone 2,6-disulfonate, Fe(III) citrate (each at 10 mM) or oxygen (3.0 or 20 %, v/v, in the gas phase) with acetate, lactate, ethanol, fumarate, maleinate, malate, pyruvate, peptone or H 2 as electron donors.
CFAs of strain S69
T grown in medium with H 2 /thiosulfate and harvested in the late exponential phase of growth (48 h) comprised a mixture of saturated and monounsaturated straight-chain and branched (iso-and anteiso-) fatty acids (Table S1 in IJSEM Online). The major cellular fatty acids were: C 18 : 1 v7, C 16 : 0 , C 19 cyclo (26.8, 17.2 and 16.2 % of the total, respectively); C 18 : 0 (9.7 %), C 18 : 1 v5 (6.7 %), C 17 cyclo (6.0 %) and C 17 : 0 (5.5 %) were also present. Other fatty acids were present in low or trace amounts (,5 %).
The G+C content of the genomic DNA of strain S69 T was 40.5 mol% (T m ). Analysis of the 16S rRNA gene sequence (1502 bp) of strain S69
T revealed that it belonged to the class Deltaproteobacteria (Fig. 2) . Phylogenetically, the novel strain is distantly related to species of the different orders of Deltaproteobacteria. Using the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net; Kim et al., 2012) (Edgar, 2004) and analysed using the parallel version of the maximum-likelihood program RAxML v. 7.2.8 (Stamatakis, 2006; Ott et al., 2007) . The optimal topology (Fig. 2 ) was found using a standard-implementation 10-replicate search under the GTRGAMMA model of rate heterogeneity. Branch support was assessed with 1000 bootstrap replicates as implemented in RAxML.
The new isolate described in this report represents the second example of a thermophile that is able to disproportionate elemental sulfur. Strain S69
T and the thermophilic elemental sulfur-disproportioning bacterium T. dismutans were both isolated from the same hydrothermal field; samples used for isolation were taken during the same sampling round, but from different sulfide 'chimney' deposits. Strain S69 T differs significantly from T. dismutans in phylogenetic position and some physiological characteristics (Slobodkin et al., 2012) . Strain S69 T and T. dismutans have different temperature ranges and optima for growth (28-61-70 u C and 50-74-92 u C, respectively), with temperature optimum for strain S69 T being more than 10 u C lower. Most probably, at the heterogeneous conditions of hydrothermal fields, strain S69 T thrives in zones with lower temperatures than T. dismutans. Overall, these data on isolation of lithoautotrophic sulfurdisproportionating micro-organisms from deep-sea hydrothermal vents point to the important role of this physiological group in sulfur-rich extreme environments.
In the class Deltaproteobacteria the capacity for disproportionation of inorganic sulfur compounds is known for members of the orders Desulfobacterales and Desulfovibrionales and for one phylogenetically separate species, Desulfomonile tiedjei (Finster, 2008; Slobodkin et al., 2012) . All these taxa are mesophilic and the majority of them are dissimilatory sulfate reducers. Among thermophiles, inorganic fermentation of sulfur compounds has been reported only for Desulfotomaculum thermobenzoicum (phylum Firmicutes) and for T. dismutans (phylum Thermodesulfobacteria). So the hallmark physiological features of strain S69
T -the ability to disproportionate sulfur compounds at high temperatures, combined with the inability to accomplish dissimilatory sulfate reduction -and its phylogenetic position precludes assigning this new isolate to any described taxon.
Furthermore, strain S69
T and related environmental clones from deep-sea vent and deep marine environments form a very well-defined clade distinct from other deltaproteobacterial families (Fig. 2) . It is evident from the degree of 16S rRNA gene sequence similarity between strain S69
T and any of the reference strains represented in the 16S rRNA gene databases that this strain represents a novel species of a new genus and probably represents a new family. However, the decision to describe a higher taxon should await phylogenetic and physiological characteristics of additional members of this new lineage. On the basis of significant phylogenetic distance and phenotypic differences with its closest relatives, we propose to classify strain S69
T as the type strain of a novel species of a new genus, Dissulfuribacter thermophilus gen. nov., sp. nov. by disproportionation of elemental sulfur, thiosulfate and sulfite to sulfide and sulfate. The type species is Dissulfofuribacter thermophilus.
Description of Dissulfuribacter thermophilus sp. nov.
Dissulfuribacter thermophilus (ther.mo9phi.lus. Gr. n. thermê heat; N.L. masc. adj. philus friend, loving; N.L. masc. adj. thermophilus heat loving).
Shows the following properties in addition to those given in the genus description. Cells are short rods with rounded ends, 0.4-0.6 mm in diameter and 1.0-2.5 mm in length, growing singly or in pairs. Cells are motile with a single polar flagellum. Gram-stain-negative. Thermophilic. The temperature range for growth is 28-70 u C, with an optimum at 61 u C. The pH range for growth is 5.6-7.9, with an optimum at 6.8. NaCl range for growth is 0.9-5.0 % (w/v), with an optimum at 1. The type strain is S69 T (5DSM 25762 T 5VKM B-2760 T ), which was isolated from a deep-sea hydrothermal vent along the Eastern Lau Spreading Center and Valu Fa Ridge, south-west Pacific. The G+C content of the genomic DNA of strain S69 T is 40.5 mol% (T m ).
